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Department of Chemistry Western Kentucky University 
Chiral sulfoxides are most widely used in asymmetric synthesis. Their application as 
chiral synthons has now become a well-established and reliable strategy, mainly due to 
availability and high asymmetric induction exerted by the chiral sulfinyl group. Very few 
articles have been published on the separation of chiral sulfoxides; most involve HPLC or GC. 
The first separation of optically active sulfoxides was described by Phillips and co-workers.31 
To date no work has been reported using capillary electrophoresis for the separation of 
alkylaryl sulfoxides. 
A series of alkylaryl sulfoxides were synthesized. Conditions for their separation were 
investigated using a modified 125 mM Boric acid (pH 8.5)/ 75 mM SDS buffer solution 
(MEKC buffer). Synthetic procedures for the preparation of these sulfoxides will be 
presented as well as separation results. The separation is based on the differential partition 
of solutes between the micelle and the bulk solution. 
Vlll 
I. INTRODUCTION 
A. Capillary Electrophoresis 
Today, one of the most powerful separation techniques is based on the principle of 
electrophoresis, which can be described in general as the migration of charged substances in 
solutions under the influence of an applied electrical field.2 The term "electrophoresis" was 
coined by Michaelis in 1909, who discovered that proteins could be separated based upon 
their isoelectric points.1 
In the early 1970's, two-dimensional electrophoresis was described by Dale and Latner 
and Macko and Stegemann through combination of isoelectric focusing separation followed 
by PAGE.1'41,42 Meanwhile, focus was being placed on developing High Pressure Liquid 
Chromatography (HPLC) techniques for the analysis of small molecules. The speed, 
resolution, quantitative results and automation of HPLC made it ideal for industrial settings 
as well as for the clinical laboratory. Electrophoresis could not meet the demands of 
quantitative analysis, preparative isolation, or automation. HPLC, though successful with 
olignucleotides, peptides, and small proteins, yields somewhat poor resolution.1 
It was because of this historical background of increasing demands for high resolution, 
quantitative precision of biopharmaceuticals and control of waste management costs, that 
capillary electrophoresis (CE) arrived on the analytical scene. It was the work of Hjerten that 
laid the groundwork for the CE analysis of diverse analytes, ranging from small molecules 
(inorganic ions, nucleotides) to macromolecular structures, such as proteins and even 
l 
2 
viruses.1'39 CE demonstrates the potential for producing high resolution separation of bio-
polymers, as well as smaller pharmaceutical agents, and uses small amounts of both sample 
and reagents.1 
How does separation occur using CE? In CE, a potential is applied between inlet and 
outlet buffer reservoirs. Normal mode is considered to be inlet (+) to detector (-) outlet. As 
electrophoresis occurs, the analytes separate according to their individual electrophoretic 
mobility and pass the detector as "analyte zones." The fact that under the appropriate 
conditions all species (net positive, negative, or neutral) pass the detector indicates that a 
force other than electrophoretic mobility is involved. This other force is termed 
electroosmotic flow (EOF), and drives the movement of all components in the capillary 
towards the detector, under an applied field. If the applied force were the only force acting 
on the ions, net positive charged cations substances would pass, while neutral components 
would remain static, and anionic components would be driven away from the detector. EOF 
plays a principle role in many modes of CE.1 
Electroosmotic flow was first determined in the late 1800's when Helmoltz conducted 
experiments involving the application of an electrical field to a horizontal glass tube 
containing an aqueous salt solution.1'36 As shown in Figure 1, the ionized silanol groups 
(SiO") of the capillary wall attract cationic species from the buffer. Obviously, the buffer pH 
will determine the fraction of the silanol that will be ionized. The ionic layer that is formed 
has a positive charge density that decreases exponentially as the distance from the wall 
increases. The double layer formed closest to the surface is termed the "inner Helmholtz or 
the Stern layer" and is essentially static. A more diffused layer is formed distal to the "Outer 
Helmholtz Plane (OHP)." Under an applied field, the cations in the OHP migrate in the 
3 
Layer Layer 
(Stern Layer) (Outer Helmholtz 
(-0.1 nm) P h n e ) 
Figure 1. Diagram of the Stern layer and the outer Helmholtz plane.1 
4 
direction of the cathode carrying water of hydration with them. Because of the cohesive 
nature of hydrogen bonding of the waters of hydration to the water molecules of the bulk 
solution, the entire buffer solution is directed toward the cathode. The EOF acts as a 
pumping mechanism to propel all molecules (cationic, neutral, and anionic) towards the 
detector with separation ultimately being determined by differences in the electrophoretic 
migration of individual analytes as illustrated in Figure 2. As electrophoretic migration 
occurs, all analytes are swept toward the detector by bulk flow provided by EOF. The 
respective electrophoretic mobilities of each of the analytes leads to the formation of discrete 
zones by the time they pass the detector. If EOF is slow, diffusion of the analyte zones could 
result in substantial band broadening, and under conditions of very low EOF some of the 
analytes may not reach the detector within reasonable analysis times.1 
Before successful separation occurs in CE, one must take into consideration 
parameters that effect the separation. Of the many parameters that effect CE, only four main 
ones will be discussed. Figure 3 shows a reference chart for the evaluation of the relationship 
between variables influencing CE. 
The first parameter to consider is electrode polarity. As mentioned, the normal 
polarity for CE is anode (+) at the inlet and cathode (-) at the outlet. In this format, EOF is 
toward the cathode. If set in reverse polarity (cathode- inlet; anode-outlet), the direction of 
the EOF is away from the detector and only negatively charged analytes with electrophoretic 
mobility greater that EOF will pass the detector.1 
The second parameter is applied voltage. Increasing the voltage will have a number 
of effects. While it will increase sample migration and EOF rate, as well as shorten analysis 
time, it may increase the sharpness of the peaks and improve resolution. However, the 
Figure 2. Mobility of charged and uncharged molecules in an applied field.1 
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advantages associated with increasing the voltage may be lost if the sample matrix ionic 
strength is much greater than the running buffer ionic strength, such that increased production 
of joule heat cannot be efficiently dissipated.1 
The third parameter is capillary temperature. Increasing the capillary temperature can 
have both positive and negative effects on separation. A study by Guttman et al. showed that 
separation of a mixture of five proteins in a physical gel was poorest at 20°C and optimized 
at SCC.1 Another positive effect of increasing capillary temperature is the substantial 
decrease in analysis time. Negative effects associated with elevated temperature generally 
involved thermal effects on the sample. Hence, while elevated capillary temperature shortens 
analysis time, one should be cognizant of the potential for adverse effects on analyte stability.1 
Finally, another parameter to consider is the choice of buffer. The choice of buffer 
is critical in obtaining successful CE separation of the analytes. The buffer selected must not 
interfere with the ability to detect analytes of interest, maintain buffering capacity through the 
analysis, and produce the desired separation.1 
In much the same way that standard gel electrophoretic techniques have diversified, 
so has CE. This diversification has resulted in a family of specialized modes that collectively 
constitute "capillary electrophoresis." The modes of CE that have been developed and are 
presently being exploited include capillary zone electrophoresis (CZE), micellar electrokinetic 
chromatography (MEKC), capillary isoelectric focusing (CIEF), capillary gel electrophoresis 
(CGE), capillary isotachophoresis (CITP), and capillary ion analysis (CIA).1'2 
The simplest form of CE, capillary zone electrophoresis (CZE), is capable of 
separating compounds based on differences in their electrophoretic mobilities. The 
electrophoretic mobility of a compound is equal to its charge (q) to frictional coefficient (f) 
8 
ratio (q/f). For neutral compounds, q = 0, CZE cannot separate neutral compounds because 
they have no electrophoretic mobility and therefore migrate at the same speed as EOF. 
As a means to perform separation of neutral analytes by CE, Terabe was the first to 
introduce Electrokinetic Chromatography (EKC). In EKC, separation of two neutral analytes 
occur when they differentially interact with a buffer additive.1'40 The first additives used by 
Terabe were micelles; thus, the technique developed for the separation of neutral analytes is 
referred to as Micellar Electrokinetic Chromatography (MEKC).1'40 Micelles are molecular 
aggregates of surfactants that are components with amphophilic properties. Amphophilic 
molecules contain both hydrophobic regions and hydrophilic regions in the structure. 
Depending on the hydrophilic functional group, surfactants are classified as anionic, cationic, 
zwitterionic and nonionic.2 Table 1 shows different classes of surfactant with their 
corresponding critical micelle concentration and aggregation number at 25°C. 
At low concentrations (<1 mM) in water, individual surfactants molecules exist as 
single entities.1 If the concentration exceeds the critical micellar concentration (CMC), the 
molecules aggregate to form spherical micelles.2 The hydrophobic tails line up and exclude 
water, while the charged head groups orient towards the surface of the aggregates. The 
resulting micelles are hydrophilic on the surface, but hydrophobic on the interior.2 Figure 4 
shows a schematic representation of an ionic micelle. This spontaneous aggregation is caused 
by increasing hydrophobic interactions of the surfactants at higher concentrations. The CMC 
value is dependent upon the type of surfactant and on external factors like temperature, ionic 
strength, and pH of the medium.1 
In MEKC, micelles of ionic or nonionic surfactants are added to a CZE buffer 
(pH 6-10) at concentrations in excess of its critical micelle concentration. They migrate 
9 
Table 1. Class of surfactants.1 
Surfactant C M C (M] Aggregation number (AN) 
Anionic 
sodium dodecyl sulfate 8.10 x 10° 62 
sodium tetradecyl sulfate 2.20 x lO"5 138 
sodium chlolate 1.40 x 10"2 -> j 
sodium deoxycholate 5.00 x 10° 4-10 
Calionic 
cetyltrimethylammonium 
bromide 
9.2 x 10"4 23 
dodecylammonium chloride 1.5 x lO'2 55 
Zwitter-ionic 
N-dodecyl-N,N-
dimethylammonio-3-propaae 
3.3 x 10"' 55 
3-(3-cholamidopropyl) 
dimethyIammonio-3-propane 
sulfonate (CHAPS) 
4.2-6.3 x 10'3 9-10 
Non-ionic 
octylglucoside 2.5 x 10'2 27 
digitonine 6.7-7.3 x 10"4 60 
n-dodecyl-P-D-maltoside 1.9 x lO"4 98 
dodecyl-
(polyethyleneglycoI[23])-
ether (BRJJ35) 
9.0 x 10"5 40 
Figure 4. Schematic representation of an ionic micelle.2 
>—i 
o 
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electrophoretically due to their surface charge; for example, negative micelles migrate to the 
anode and positive micelles migrate towards the cathode. Figure 5 shows a schematic 
representation of the principles of MEKC separation. If a solute is introduced into a micellar 
system, it will partition between the hydrophobic micellar phase and the aqueous phase with 
a particular partition coefficient, P, depending on the polarity of the analyte. Based on 
differential solubilization in the micellar phase, the partition between the slow moving micelles 
and the fast moving aqueous phase causes differential retention and therefore resolution of 
the solutes. For neutral analytes, the migration window is defined by the electroosmotic flow 
time, t„, and the micelle migration time, tmc. With respect to the separation mechanism, 
MEKC is analogous to reverse phase liquid chromatography. However, MEKC is carried out 
in a homogeneous solution that enables a rapid establishment of partition equilibrium between 
the micelle and the aqueous phase.1,2 
CE is used in many applications. Although the main interest in CE research is located 
in bioanalytical and pharmaceutical applications, several interesting developments have also 
been made for the separation of inorganic ions and other charged low molecular weight 
compounds. Capillary ion analysis (CIA) of small ions in combination with indirect UV-VIS 
absorbance has been especially useful for the separation. This technique has been developed 
and systematically improved by Jandik and co-workers.46 
Conventionally, pharmaceutical drug substances (active ingredients) and drug 
products (dosage forms) are analyzed for identity, content of active ingredient, and 
purity.2'10'16 
Neutral substances like aliphatic and aromatic hydrocarbons cannot be separated 
electrophoretically. One can, however, introduce a charge by complexation, or it is possible 
to use MEKC for the separation of the uncharged molecules as previously discussed.2,10'12 
0 W M 
detergent solute 
micelle 
Figure 5. Schematic representation of the principles of MEKC separation.2 
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Proteins can be separated by CE under denaturing or undenaturing (native) conditions. 
Denaturing conditions are useful for investigating protein subunits. To maintain the native 
structure of a protein during electrophoresis, experimental conditions must be chosen 
carefully depending upon the nature of the protein.2 
Enantioseparation is another main focus of CE applications.16 The direct separation 
of enantiomers in CE is usually performed by adding an optically pure additive (cyclodextrin, 
chiral surfactant, etc.) to the buffer electrolyte. One of the earliest methods for CE chiral 
separation involved chiral ligand exchange based on the complexation properties of a 
transition metal ion such as copper to form a chiral coordination complex with two molecules 
of an enantiomerically pure amino acid.9 MEKC can involve the addition of a chiral surfactant 
sometimes mixed with a conventional surfactant. Karger and co-workers have used p-
cyclodextrin chiral selectors immobilized in polyacrylamide gels to separate dansylated amino 
acids.9'29 
Other known conventional methods used to determine enantiomeric excess are the 
following: gas chromatography (GC), nuclear magnetic resonance (NMR), high pressure 
liquid chromatography (HPLC) and polarimetry. 
Gas chromatography is typically used for small volatile molecules that cannot be 
separated by HPLC. Chiral separation using GC requires the use of a chiral stationary phase. 
An example of a chiral stationary phase is a derivatized cyclodextrin that is dissolved in or 
bonded to a polysiloxane coated or cross-linked within a fused-silica capillary tube. HPLC, 
like GC makes use of a chiral stationary phase (e.g., Diacel Chiralcel OB column). NMR 
chiral separation involves the use of a chiral shift reagent, such as Eu(hfc)3.9 These chiral shift 
reagents complex to the racemic substance forming a diastereomer. One enantiomer 
14 
separates from the other according to the binding strength of the metal complex. The 
conventional technique, polarimetry, involves measuring the rotation of plane polarized light. 
The aforementioned techniques are commonly used for enantiomeric determination; 
however, there are disadvantages associated with them when compared to CE. With GC and 
HPLC the columns are expensive and have limited lifetimes. NMR chiral separation requires 
relatively pure material and is limited in sensitivity. Polarimetry has poor sensitivity and is 
limited to optically pure materials. The advantages of CE for chiral separation are high 
resolution, speed, small sample size (nanoliters), and low cost. 
B. Asymmetric sulfoxide 
Asymmetric sulfoxides belong to a class of chiral organosulfur compounds which are 
most widely used in asymmetric synthesis. Their application as chiral synthons has now 
become a well established and reliable strategy, mainly due to their availability and high 
asymmetric induction exerted by the chiral sulfinyl group.4,30 Chiral sulfoxides of high 
enantiomeric excess have been prepared mainly by (1) diastereomerically pure sulfinates 
followed by the reaction with organometallic reagents (Andersen- type synthesis)43 and (2) 
the direct asymmetric oxidation of prochiral sulfides to sulfoxides by means of modified 
sharpless oxidant (Kagan oxidant),44 Davis oxidant,45 a titanium-binapthol catalyst,22 and the 
oxidation of a sulfide with sodium metaperiodate in the presence of catalytical amounts of 
bovine serum albumin (BSA).19 There are three main uses of chiral sulfoxides: (1) reactions 
of a-sulfinyl carbanions with a broad variety of electrophiles, (2) reactions of a,P unsaturated 
sulfoxides, and (3) the introduction of heteroatomic groups into sulfoxides and their 
transformations. 
15 
The goal of this research was to synthesize a series of sulfoxides and develop a MEKC 
separation procedure as a precursor to the separation of enantiomers. Very few articles have 
been published on the separation of chiral sulfoxides and principally involve HPLC and GC. 
The first (partial) liquid chromatographic resolution of an optically active sulfoxide (a-
lactose) was reported in 1959 by Farina.31 Meanwhile other stationary phases followed, and 
a large number of racemic sulfoxides have been separated on 'Pirkle-type' columns and 
protein-bonded stationary phases.34'35 Gas chromatography has also been reported for the 
separation of optically active sulfoxides.30 To date no work has been reported using MEKC 
for the separation of alkylaryl sulfoxides. Capillary electrophoresis was chosen because of 
the high resolution, small sample size, speed, and relatively low cost inherent to the technique. 
II. EXPERIMENTAL 
A. Reagents 
Sodium periodate (99.0 %), boric acid, and sodium dodecyl sulfate were purchased 
from Sigma-Aldrich Chemical Company. Bromohexane, 2-bromopropane, bromothiophenol, 
n-butyl lithium (2.5 M solution in hexane, chlorothiophenol, thiophenol, magnesium sulfate, 
ethyl acetate, thioanasiole, ethyl phenyl sulfide, silica gel (32-63 |im), sand and methyl-p-tolyl 
sulfide were purchased from Aldrich. 1-bromobutane, 1-bromopropane, ^-chloroform 
(99.0 %), tetrahydrofuran (THF), and p-thiocresol were purchased from Fisher Scientific 
Company. 2-bromomethane was purchased from TCI America. 
B. Synthesis of Sulfide 
The procedure of Yin and Pidgeon was used for the synthesis of sulfides.26 In a 100 
mL round bottom flask (under a nitrogen atmosphere) 3.28 mL of n-BuLi (2.5 M solution 
in hexane) and 15 mL dry THF was added at 0°C. 1.0 g of an alkyl thiol was added to the 
mixture dropwise. A colorless solution immediately formed. The reaction was allowed to 
warm to room temperature and stirred using a magnetic stirrer for 10 min. Then 1.53 g of 
the appropriate alkyl bromide was added to the solution. The reaction turned yellow after a 
few seconds and stirring was continued for 20 min. Finally, the reaction was quenched by the 
addition of water (2.0 mL) and extracted with hexane. The combined organic layer was dried 
over anhydrous MgS04. The solvent was removed and characterized by NMR. 
16 
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C. Synthesis of Sulfoxides 
A modified procedure was taken from Leonard and Johnson for the synthesis of 
sulfoxides.32 Approximately 0.63 g (0.0029 mol) of sodium periodate was placed in 12.0 mL 
of a 3:1 mixture of methanol and water held at 0°C while stirring using a magnetic stirrer. 
Dropwise, 0.0026 mol of an asymmetric sulfide was added and the mixture was stirred at 0°C 
for 24 hrs. The reaction mixture (which contains precipitated sodium iodate) was extracted 
with three 5 mL portions of chloroform. The chloroform layer was combined and dried over 
magnesium sulfate, and the solvent was removed by rotary evaporation. Each sample was 
purified using flash chromatography. First, a low viscosity solvent, ethyl acetate, was found 
effective in separating the sulfoxide from the sulfide using silica plate, thin-layer 
chromatography (TLC). Having chosen the solvent, a column of 18.0 cm x 1.5 cm i.d. was 
selected and a small plug of glass wool was placed in the bottom of the column body. Next 
a smooth layer of sand (3.0 mm) was added to cover the plug of glass wool and a slurry of 
32-63 |im silica gel was poured into the column to a height of approximately 15.0 cm. With 
the stopcock open, the column of silica was allowed to pack uniformly by allowing a steady 
flow of ethyl acetate. Next, a 3 mm layer of sand was carefully placed on top of the silica gel. 
The solvent was allowed to flow through the column until it reached the top layer of the sand. 
Subsequently, 0.1 to 0.2 grams of sample was loaded onto the column. Ethyl acetate was 
then added to the reservoir. An applied pressure pump was attached to the column, allowing 
a flowrate of 3.0 mL/min. 5 mL fractions were collected and analyzed by TLC. Elution order 
was such that the sulfide eluted first followed by the sulfoxide. The solvent was removed by 
rotary evaporation and the isolated sample was characterized by NMR.28 
18 
D. NMR Preparation 
Each sulfide and sulfoxide was characterized by H-NMR. In an NMR tube, 1.0 fiL 
of a sulfide or sulfoxide (whichever was being characterized) was dissolved in 0.8 mL of d-
chloroform. The instrument used was a 270 MHZ JOEL GSX, FT-NMR Spectrometer. The 
structures and 'H NMR spectra of the sulfoxides are shown in figures 6-16. Table 2 shows 
the methyl hydrogen shift of three different sulfoxides. 
E. Buffer Preparation 
50 mL of a 125 mM boric acid (pH 8.5)/ 75 mM sodium dodecyl sulfate (SDS) 
solution was prepared for CE operation. In a 250 mL beaker 0.386 g of boric acid was 
dissolved in 25 mL of deionized water (DI). The acid was titrated to a pH of 8.5 with 2.0 M 
sodium hydroxide (NaOH) while stirring. The remaining 25 mL of DI water was added 
followed by 1.08 g of SDS. The buffer was stirred and filtered through a 0.45 jjm membrane 
filter into a 250 mL plastic container. 
F. Standard Preparation 
Stock solutions were prepared by dissolving 3.0 |iL of the appropriate sulfoxide in 
0.6 mL of acetonitrile. The working standard was prepared by diluting 3.0 |iL of each stock 
solution to 1.0 mL with the 125 mM Boric (pH 8.5)/ 75 mM SDS buffer (MEKC buffer). All 
working standards were filtered through a 0.45 (itn membrane filter before injection. 
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Figure 15. NMR spectrum of methyl (4-chloro) phenyl sulfoxide. 
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Figure 15. NMR spectrum of methyl (4-chloro) phenyl sulfoxide. 
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Figure 16. NMR spectrum of methyl-p-tolyl sulfoxide. 
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Table 2. NMR chemical shift of the methyl hydrogens. 
Sulfide / Sulfoxide Sidfide to Sidfoxide shift 
(ppm) 
Thioanisole / Methyl phenyl 
sulfoxide 
2.5 to 2.7 
Methyl-p-tolyl sulfide / 
Methyl-p-tolyl sulfoxide 
2.5 to 2.7 
Methyl(4-chloro) phenyl 
sulfide / Methyl(4-chloro) 
phenyl sulfoxide 
2.4 to 2.7 
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G. Instrumentation and Conditions 
The separations of these sulfoxides were performed using a BioRad Biofocus 3000 
Capillary Electrophoresis system equipped with a 46.1 cm (working length) x 50 pm i.d. 
uncoated fiised-silica capillary column used for separation. Samples were introduced by 
pressure injection mode set at 2 psi*sec. Optimized conditions for MEKC separation were 
found to be at 10 kV (~ 20 (iA), polarity going from positive to negative, column temperature 
25°C and carousel temperature 20°C. The detection wavelength was set at 220 nm. Figure 
17 shows a UV-Vis scan of ethyl phenyl sulfoxide, indicating absorption maxima. 
H. Operation of CE 
The typical CE operation is shown on Figure 18. It consists of a working length of 
uncoated fused silica capillary suspended between two buffer reservoirs that are adjusted to 
equal heights to eliminate hydrostatic flow. The separation voltage from a high-voltage 
power supply is applied to platinum electrodes placed in the reservoirs. Injection of the 
analyte is performed by replacing the inlet buffer reservoir with the sample vial. A defined 
sample volume is introduced into the capillary by pressure injection. Samples, consequently, 
migrate according to their mass to charge ratio, where they are detected by an on-column UV 
detector that is located toward the end of the capillary near the outlet reservoir.2'3 
Figure 17. UV-Visible scan from 200 nm-300 nm of ethyl phenyl sulfoxide. 
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Figure 18. Instrumental set-up of a capillary electrophoresis system.2 
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III. RESULTS AND DISCUSSION 
A series of eleven sulfoxides were synthesized and are listed in Table 3. Figures 6-16 
show the NMR spectrum of each individual alkylaryl sulfoxide. Table 2 compares the methyl 
hydrogen shifts of series I and series II alkylaryl sulfide to sulfoxide; both series represent 
similar methyl hydrogen shifts (-2.5 to 2.7). This methyl hydrogen shift downfield of the 
sulfoxide is due to the presence of the oxygen. 
The first series consists of alkylaryl sulfoxides where the alkyl chain increases. In this 
series there are two alkylaryl sulfoxides (//-propyl phenyl sulfoxide and //-butyl phenyl 
sulfoxide) that have structural isomers associated with them. Series II consists of alkylaryls 
where the alkyl group is methyl and the phenyl group is para-substituted with either methyl, 
chloro, or bromo. 
Micellar Electrokinetic Chromatography proved to be a good analytical tool for the 
separation of these compounds as shown in Figure 19. The electropherogram in Figure 19 
shows separation of alkylaryl sulfoxides at a temperature of 25°C, detection at 220 nm, and 
a buffer concentration of 125 mM Boric acid (pH 8.5)/75 mM SDS. All sulfoxides were 
successfully separated from one another except for the two structural isomers /'so-butyl phenyl 
sulfoxide and sec-butyl phenyl sulfoxide. .Sec-butyl phenyl sulfoxide has two chiral centers 
corresponding to the pair of diastereomers, however, when /'so-butyl phenyl sulfoxide was 
added to a solution of sec-butyl phenyl sulfoxide, resolution was not achieved between the 
three expected peaks. As anticipated, the migration time of these compounds increased as 
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Table 3. Series I and Series II alkylaryl sulfoxides. 
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Structures Name 
Series I 
0 
Cf^ 
methyl phenyl sulfoxide 
0 
11 I ethyl phenyl sulfoxide 
1 
^ ^
S
^ ( C H 2 ) 2 C H 3 
n-propyl phenyl sulfoxide 
0 
n-butyl phenyl sulfoxide 
0 
II I n-hexyl phenyl sulfoxide 
Table 3. (continued) 
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0 
I  /CH3 
q t 
wo-propyl phenyl sulfoxide 
0 
I  /CH3 
U H> CH> 
wo-butyl phenyl sulfoxide 
0 
I  /CH3 
(j J ch2ch3 
jec-butyl phenyl sulfoxide 
Series II 
0 
methyl-p-toyl sulfoxide 
0 
methyl(4-chloro phenyl) sulfoxide 
0 
methyl(4-bromo phenyl) sulfoxide 
MIGRATION TIME 
Figure 19. Electropherogram of alkylaryl sulfoxides. 125 mM boric acid/75 mM SDS buffer, capillary 
temperature (25°C), carousel temperature (20°C), wavelength (220 nm), pressure inj. (2 psi*sec). 
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the molecular mass increased with few exceptions where substituents and polarity/shape 
contributed to the separation process. Table 4 shows the different alkylaryl sulfoxides with 
their corresponding order of migration, name structure, molecular mass, migration time, and 
relative migration. The compounds in Series I illustrate a logarithmic relationship between 
migration time and alkyl chain as shown in Figure 20. This relationship can be rationalized 
by noting that as the chain length increases the sulfoxide becomes more non-polar in character 
and would tend to favor partitioning into the micelle over the buffer phase. Hence an increase 
in the alkyl chain length increases this would cause an increase in migration time. The isomers 
represented in Table 4 also display a correlation between the degree of carbon branching and 
migration time. As carbon branching increases the migration time decreases, possibly 
attributable to a decrease in surface area of the branched alkyl sulfoxide. As a result, there 
is less interaction within the micelle—hence, the shorter migration time. Migration time 
repeatability yielded a relative standard deviation (RSD) of 3.78 % as determined by six 
repeated injections of /so-propyl phenyl sulfoxide. 
In Series n, the para-substituted groups migrated in the order of mass to charge ratio, 
as expected. Methyl-p-tolyl sulfoxide is a structural isomer of ethyl phenyl sulfoxide and has 
a longer migration time. This increase in migration time can probably be attributed to a 
stronger interaction between the phenyl group and the micelle than that of the alkyl group 
(ethyl) and the micelle. Another interesting fact is that the methyl (4-chloro) phenyl sulfoxide 
migrates before /.s'o-propyl phenyl sulfoxide. The bulkier /so-propyl group apparently has a 
stronger interaction with the micelle than does a para-substituted halide. Otherwise, methyl 
(4-chloro) phenyl sulfoxide would display a longer migration time due to a larger mass to 
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Table 4. Table of alkylaryl sulfoxides. 
Order of 
Migration 
Structure Name Molecular 
Mass 
Migration Time Relative 
Migration 
Time 
1 0 1 
Methyl phenyl 
sulfoxide 
140 6.18 Standard 
2 0 1 
Ethyl phenyl 
sulfoxide 
154 7.40 1.20 
3 I 
JCT4 Methyl-p-toyl sulfoxide 154 8.23 1.33 
4 0 II j f Methyl (4-chloro) phenyl 
sulfoxide 
174 8.69 1.41 
5 I 
^ S-CH 
a 
Isopropyl 
phenyl 
sulfoxide 
168 8.90 1.44 
6 0 
II n-Propyl 
phenyl 
sulfoxide 
168 9.10 1.47 
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Table 4. (continued) 
7 0 
II 
. I T " 
Methyl 
(4-bromo) 
phenyl 
sulfoxide 
219 9.48 1.53 
8 1 
C T ^ 
Iso-butyl 
phenyl 
sulfoxide 
182 10.52 1.70 
9 
0 ^ Sec-butyl phenyl sulfoxide 182 10.52 1.70 
10 0 
II 
n-Butyl 
phenyl 
sulfoxide 
182 10.88 1.76 
11 0 1  
n-Hexyl 
phenyl 
sulfoxide 
210 12.86 2.08 
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charge ratio. This same behavior is seen with methyl (4-bromo) phenyl sulfoxide and hexyl 
phenyl sulfoxide. 
There are many parameters that effect electrophoretic separation as shown in 
Figure 3. Three of these parameters (temperature, pH, and concentration) were varied to 
illustrate their effects on resolution. Resolution was determined by usingw-propyl phenyl 
sulfoxide and wo-propyl phenyl sulfoxide. 
A series of experimental runs were performed by varying the temperature of the 
MEKC buffer. Figure 21 shows that by increasing the temperature the resolution is enhanced 
and, additionally, the migration time is decreased. First, micelles are formed only if a critical 
micelle temperature is exceeded. This temperature is dependent on the type and 
concentration of the surfactant. In general, a temperature increase causes a reduction in the 
concentration of the free micelles due to an increase in critical micelle concentration (cmc for 
SDS normally occurs at 25°C). Secondly, the temperature influences the partition coefficient, 
which can greatly affect resolution by increasing the capacity factor (k1) and efficiency (N). 
There is a temperature limit at which increases in temperature would improve resolution due 
to breakdown of the micelle.2 Consequently, the optimum temperature chosen for our 
separation was 25°C, as this allowed for broad-scale separation of the sulfoxides. 
Figure 22 shows that by increasing the pH, the resolution increases up to a pH of 8.5. 
The pH influences the separation in MEKC by changing the electroosomtic flow and the 
electrophoretic mobility of weak acids and/or bases.2 In general, as pH increases, the EOF 
increases and the electrophoretic mobility of ionizable compounds increases. 
The concentration of SDS and boric acid was varied to determine their effects on 
resolution. Figure 23 and 24 illustrate these changes. As the SDS concentration increased 
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Figure 21. Effects of temperature vs. resolution. 
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the resolution increased linearly. The effect of increasing micelle concentration on efficiency 
(good efficiency leads to good resolution) is dramatic, particularly at low micelle 
concentrations where resolution is poor. One possible explanation for the improvement of 
efficiency as micelle concentration is increased is that "intermicelle resistance" to mass 
transfer (HHm) is a significant factor in the total plate height, and it is reduced as intermicelle 
distance is reduced.14 By increasing the boric acid concentration the resolution also increases, 
most likely due to an increase in ionic strength as a result of added electrolyte. To optimize 
the concentrations of boric acid and SDS their concentrations were varied while holding one 
constant. An optimized concentration was determined to be 75 mM for SDS and 125 mM 
for boric acid. These two concentrations allowed for optimum separation of the alkylaryl 
sulfoxides. 
Under the optimized conditions described, the series of synthesized sulfoxides were 
successfully separated. Future work would focus on the development of a method to separate 
enantiomers. Additionally, the synthesis of enantiomerically pure compounds would be 
valuable in order to obtain partition coefficients that would enable mechanistic studies to be 
performed. 
IV. CONCLUSION 
Chiral sulfoxides are widely used in many asymmetric synthetic applications, mainly 
due to the ease of availability and high asymmetric induction exerted by the chiral sulfinyl 
group. 
The synthesis of these sulfoxides have been shown, followed by a developed method 
for their separation using CE. Other observations and conclusions on the information 
generated from this study are as follows: 
* A successful separation of all synthesized sulfoxides except two, /so-butyl phenyl 
sulfoxide and sec-butyl phenyl sulfoxide). 
* The relative standard deviation of migration times by repeated injections of iso-
propyl phenyl sulfoxide was 3.78 %. 
* Typically, there is an increase in migration time with increasing mass, with 
exceptions involving the para-substituted sulfoxides. 
* Two sets of structural isomers, ^-propyl phenyl sulfoxide/ /so-propyl phenyl 
sulfoxides and «-butyl phenyl sulfoxide/ /'so-butyl phenyl/ sec-butyl phenyl 
sulfoxide, show a relationship between carbon branching and migration time. As 
the branching increases the migration time decreases. 
* As the alkyl chain length increases, the migration time increases. 
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* To modify resolution, one can adjust pH, temperature, and concentration of SDS 
and boric acid. 
In summary, MEKC proved to be an effective method of separation for these alkylaryl 
sulfoxides. This method offers distinct advantages over other techniques such as HPLC, GC, 
and NMR. Advantages include speed of analysis, high efficiency, small sample size, low cost 
and ease of operation. 
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